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ORIGINAL ARTICLE 



Fiducial Placement for Stereotactic Body Radiation Therapy under 
Only Endoscopic Ultrasonography Guidance in Pancreatic and Hepatic 
Malignancy: Practical Feasibility and Safety 
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Background/Aims: Stereotactic body radiation therapy 
(SBRT) for gastrointestinal malignancies requires the place- 
ment of fiducials to guide treatment delivery. This study 
aimed to determine the safety and technical feasibility of 
endoscopic ultrasonography (EUS)-guided fiducial placement 
for SBRT. Methods: From November 2010 to August 2012, 
32 consecutive patients who were scheduled to receive 
SBRT for pancreatic and hepatic malignancies were referred 
for EUS-guided fiducial placement. Primary outcome mea- 
surements included technical success, the fiducial migration 
rate, and procedural complications. Results: All 32 patients 
had successful fiducial placement under EUS guidance. The 
mean number of fiducials placed per patient was 2.94±0.24 
(range, 2 to 3 seeds). Spontaneous fiducial migration was 
noted in one patient (3.1%). Of the 32 patients with fiducials 
placed, 29 patients (90.6%) successfully underwent SBRT. 
One patient (3.1%) developed mild pancreatitis, requiring a 
2-day prolonged hospitalization after fiducial placement. Five 
patients (15.6%) underwent same-session, EUS-guided fine 
needle aspiration for histologic confirmation at the time of 
fiducial placement, without any procedure-related complica- 
tion. Conclusions: EUS-guided fiducial placement is a safe 
and technically feasible technique for preparing patients 
with both pancreatic and hepatic malignancies for SBRT. The 
fiducial markers facilitate safe and accurate targeting of the 
tumor during SBRT. (Gut Liver 2014;8:88-93) 
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INTRODUCTION 

Stereotactic body radiation therapy (SBRT) allows for the 
delivery of high radiation doses while minimizing toxicity on 
adjacent organs. 1 ' 2 This technique demands high targeting accu- 
racy, taking into account respiratory and other involuntary mo- 
tion of the target lesion during radiation therapy. 2 SBRT needs 
fiducial markers for target localization and tracking. 2 Fiducial 
markers serve as reference points for computed tomography 
(CT) planning and allow for simultaneous correction of target 
motion. Traditionally, fiducial markers have been placed either 
intraoperatively or percutaneously under ultrasound (US) or 
CT guidance. 3 Percutaneous approaches for fiducial placement 
can be taken for superficial lesions, but may not be feasible for 
deeper lesions. Given the capability of endoscopic ultrasonog- 
raphy (EUS) to allow for close proximity to deeper abdominal 
structures that are not easily accessible via percutaneous ap- 
proaches, EUS-guided fiducial placement is a more effective 
method of localizing these tumors. 

EUS-guided fiducial placement has recently been reported 
as a technically feasible technique for mediastinal and other 
abdominal malignancies, 4 9 including the pancreas, oesophagus, 
stomach, or porta hepatis. The aim of our study was to demon- 
strate the safety and technical feasibility of EUS-guided fiducial 
placement for pancreatic and hepatic malignancy. 

MATERIALS AND METHODS 

1. Patients 

From November 2010 to August 2012, 32 consecutive pa- 
tients (2 1 male, 1 1 female) who were scheduled to receive SBRT 
for malignancy were referred for EUS-guided fiducial place- 



Correspondence to: Dong-Wan Seo 

Division of Gastroenterology, Department of Internal Medicine, Asan Medical Center, University of Ulsan College of Medicine, 88 Olympic-ro 43- 
gil, Songpa-gu, Seoul 138-736, Korea 

Tel: +82-2-3010-3192, Fax: +82-2-476-0824, E-mail: dwseoamc@amc.seoul.kr 
Received on January 5, 2013. Revised on March 10, 2013. Accepted on March 25, 2013. Published online on August 14, 2013. 
pISSN 1976-2283 elSSN 2005-1212 http://dx.doi.0rg/10.5009/gnl.2014.8.l.88 

© This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creauvecommons.Org/licenses/by-nc/3.0) 
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. 



Choi JH, et al: Fiducial Placement for Stereotactic Body Radiation Therapy under Only EUS Guidance 89 



ment. Patients with coagulopathy (international normalized 
ratio >1.5, platelets <50,000) were transfused with the appropri- 
ate blood products for correction of coagulopathy. An allergy 
to gold or concomitant inflammatory disease was considered a 
contraindication for gold marker implantation. All procedures 
were performed in the endoscopy unit at the Asan Medical 
Center by single experienced endosonographers (D.W.S.), who 
perform more than 350 EUS procedures annually for pancreati- 
cobiliary diseases. This study was approved by the Institutional 
Review Board at Asan Medical Center, University of Ulsan Col- 
lege of Medicine, Seoul, Korea. Informed patient consent was 
obtained before each procedure. 

2. Preparation 

Patients were sedated with intravenous injections of 3 to 5 
mg midazolam. Periprocedural intravenous antibiotics (cefotaxi- 
me 2 g or ciprofloxacin 400 mg) were administered prophylacti- 
cally in all patients for 1 day. Anticoagulation and antiplatelet 
medications were discontinued according to the guidelines for 
endoscopic procedures. 10 

3. Instruments 

A linear array echoendoscope (GF-UC240P-AL5; Olympus 
Co., Tokyo, Japan or EG-3870 UTK; Pentax, Hamburg, Germa- 
ny) was used to perform the EUS. A standard 19-gauge needle 
(Echotip; Cook Medical, Winston-Salem, NC, USA) was used 
to deploy a gold fiducial marker measuring 0.8x3 mm (CIVCO 
Medical Solutions, Orange City, IA, USA). The system used by 
our hospital for SBRT was RapidArc (Varian Medical Systems, 
Palo Alto, CA, USA). 

4. Endoscopic technique 

Using sterile forceps, each cylindrical gold seed was back- 
loaded into the tip of a 19 G Echotip needle with the stylet 
withdrawn 7 to 8 mm. The needle was then pressed into bone 



wax (Ethicon, Somerville, NJ, USA) to seal it into place. Once a 
safe needle direction had been identified under EUS guidance, 
the needle with the backloaded fiducial was passed through the 
working channel of the scope and the fiducial was deployed 
into or near the tumor by advancing the stylet (Fig. 1). The nee- 
dle was then withdrawn from the echoendoscope and reloaded 
with a new fiducial marker, and the procedure was repeated 
with the placement of two or three fiducials about 1.5 cm apart. 
Fiducial positioning was confirmed with a real time EUS image, 
as well as an abdominal roentgenogram after the procedure (Fig. 
2). A marker was usually seen as a hyperechoic structure with 
a ringdown artifact behind it. After implanting all markers, we 
checked the position of each marker in the transverse and sagit- 
tal planes to determine the distance between fiducial markers, 
which is essential for treatment planning. All patients were ad- 
mitted to the hospital for one day to monitor any complications. 
An outpatient course of oral antibiotics was not given upon 
patient discharge, but patients were instructed to report any 
delayed symptoms such as fever, chills, abdominal pain, or any 
other unexpected symptoms for a period of 1 month. 

5. Outcome 

Technical success was defined as puncturing the target lesion 
accurately and the ability to implant more than two fiducials 
in the appropriate location for SBRT. Fiducial migration was 
defined as seed dislodgement outside the volume of the original 
injection site and unusable for guiding SBRT as determined by 
planning CT. 

6. Treatment planning and delivery 

The SBRT technique used in our institute is described as fol- 
lows. First, patients were immobilized in a stereotactic body 
frame (Elekta Oncology, Norcross, GA, USA). CT simulations 
were performed 10 to 14 days after fiducial marker placement 
and reviewed by a radiation oncologist to verify the feasibil- 





Fig. 1. Endoscopic ultrasonography-guided fiducial placement. (A) Needle delivering fiducial into a pancreatic mass. (B) Hyperechoic fiducial (arrow) 
in a mass. 
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Fig. 2. Three fiducial markers (arrows) identified by abdominal radi- 
ography. 

ity of using SBRT enabled by the fiducial markers (Fig. 3). For 
lesions that moved more than 5-mm on fluoroscopic imaging, 
4-dimensional CT scanning and gated delivery was performed 
using the Real-Time Position Management System (Varian 
Medical Systems). Treatment planning was formulated with the 
Eclipse Planning System (Varian Medical Systems). Fractional 
doses of 6 to 8 Gy were delivered to target volume for consecu- 
tive 4 days. Fractionated schedules were employed as follows: 
26 to 28 Gy in four fractions for pancreatic cancer (28 patients), 
30 Gy in four fractions for celiac lymph node metastasis (one 
patient). We checked daily setup accuracy with cone-beam CT 
and/or fluoroscopy. 

RESULTS 

1. Patient and tumor characteristics 

Thirty-two patients (2 1 male, 1 1 female) underwent EUS- 
guided fiducial placement. The mean age of patients was 66 
years (range, 46 to 90 years). The location and pathologic diag- 
nosis of tumors were as follows: celiac lymph node (lymph node 
metastasis from hepatocellular carcinoma), caudate lobe (he- 
patocellular carcinoma), retrocrural area (metastatic carcinoma 
from hepatocellular carcinoma), and pancreas. Of the pancreatic 
cancers, 10 were located in the head, two in the uncinate pro- 
cess, and 17 in the body/tail. The mean size of the tumors was 
3.2±1.1 cm (range, 1.9 to 7.0 cm). Patient and procedural char- 
acteristics are described in Table 1. 

2. EUS-guided fiducial placement 

The fiducial placement under EUS guidance was technically 
successful in 32 out of 32 patients (100%). Only one patient 
(3.1%) developed a mild pancreatitis requiring a 2-day pro- 
longed hospitalization after fiducial placement. The patient pre- 
sented worsening abdominal pain 18 hours after the placement 
of three fiducials in the pancreatic body mass. The patient's 
serum lipase was elevated to 420 IU/L. An abdominal CT scan 



Fig. 3. Treatment-planning computed tomography demonstrating 
pancreatic head localization based on fiducial markers for stereotactic 
body radiation therapy. 

showed mild swelling of the pancreas around the implanted 
fiducials. The patient was treated conservatively and recovered 
before the scheduled SBRT. 

Five patients (15.6%) underwent same session EUS-guided 
fine needle aspiration (FNA) for tissue diagnosis at the time of 
fiducial placement without any procedure related complications. 

Among the 32 patients who had fiducial placement under 
EUS guidance, 29 patients (90.6%) successfully underwent 
SBRT. Three patients did not undergo planned SBRT due to dis- 
ease progression (n=2), transfer to another institution (n=l). 

Generally, two or three fiducials were implanted into and 
around the tumor. A total of 94 fiducials were implanted in 32 
patients, 34 using a transgastric approach and 60 using a trans- 
duodenal approach. The mean number of fiducials per patients 
was 2.94±0.24 (range, 2 to 3 seeds). Two patients with pancre- 
atic head cancer were implanted with two fiducials because they 
already had a biliary metallic stent that can be used as reference 
marker, thereby allowing three-dimensional configuration with 
only two implanted fiducials. 

Spontaneous fiducial migration was noted in one patients 
(3.1%). Three gold fiducials were inserted under EUS, and two 
fiducials were seen on subsequent planning CT; however, the 
ability to use the remaining fiducial markers for SBRT was 
adequate without requiring a repeat EUS procedure. Overall, 
fiducial migration occurred in one of 94 seeds placed (1.1%). 
There was no further reported fiducial migration throughout the 
course of radiation therapy. This was verified by comparing the 
cone beam CT images acquired before each day of therapy with 
the initial planning CT images. 

DISCUSSION 

In current study, we demonstrated the technical feasibility 
and safety of EUS-guided fiducial placement in either hepatic 
or pancreatic malignancy using a 19-gauge needle. The tech- 
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Table 1. Patient and Procedural Characteristics for Endoscopic Ultrasonography-Guided Fiducial Placement 



Case 


Age, yr /sex 


Primary tumor diagnosis 


Target location 


Largest diameter, 
mm 


No. of fidu- 
cials placed 


Complications 


1 


53/M 


Hepatocellular carcinoma 


Celiac LN 


45 


3 




2 


76/M 


Pancreatic adenocarcinoma 


Head of pancreas 


25 


3 




3 


78/F 


Pancreatic adenocarcinoma 


Body of pancreas 


38 


3 




4 


74/M 


Pancreatic adenocarcinoma 


Head of pancreas 


42 


3 




5 


52/F 


Pancreatic adenocarcinoma 


Body of pancreas 


31 


3 




6 


55/M 


Pancreatic adenocarcinoma 


Body of pancreas 


30 


3 




7 


75/M 


Pancreatic adenocarcinoma 


Body of pancreas 


60 


3 




8 


70/F 


Pancreatic adenocarcinoma 


Uncinate process 


25 


2 




9 


71/M 


Pancreatic adenocarcinoma 


Head of pancreas 


19 


3 




10 


64/M 


Pancreatic adenocarcinoma 


Uncinate process 


20 


2 




11 


60/F 


Pancreatic adenocarcinoma 


Head of pancreas 


20 


3 




12 


65/M 


Pancreatic adenocarcinoma 


Head of pancreas 


35 


3 




13 


62/F 


Pancreatic adenocarcinoma 


Body of pancreas 


40 


3 




14 


54/M 


Pancreatic adenocarcinoma 


Tail of pancreas 


38 


3 




15 


72/M 


Pancreatic adenocarcinoma 


Head of pancreas 


27 


3 




16 


74/M 


Pancreatic adenocarcinoma 


Tail of pancreas 


35 


3 




17 


60/F 


Pancreatic adenocarcinoma 


Tail of pancreas 


24 


3 




18 


56/F 


Pancreatic adenocarcinoma 


Tail of pancreas 


25 


3 




19 


70/M 


Pancreatic adenocarcinoma 


Body of pancreas 


31 


3 




20 


90/F 


Pancreatic adenocarcinoma 


Body of pancreas 


20 


3 




21 


47/M 


Pancreatic adenocarcinoma 


Body of pancreas 


45 


3 




22 


72/M 


Pancreatic adenocarcinoma 


Head of pancreas 


19 


3 




23 


64/M 


Pancreatic adenocarcinoma 


Head of pancreas 


20 


3 




24 


65/F 


Pancreatic adenocarcinoma 


Body of pancreas 


32 


3 




25 


74/M 


Pancreatic adenocarcinoma 


Head of pancreas 


32 


2 




26 


75/M 


Pancreatic adenocarcinoma 


Tail of pancreas 


25 


3 




27 


78/M 


Pancreatic adenocarcinoma 


Body of pancreas 


43 


3 




28 


62/M 


Hepatocellular carcinoma 


Caudate lobe 


24 


3 




29 


46/F 


Pancreatic adenocarcinoma 


Head of pancreas 


30 


3 


Pancreatitis 


30 


66/M 


Hepatocellular carcinoma 


Retrocrural LN 


46 


3 




31 


75/F 


Pancreatic adenocarcinoma 


Body of pancreas 


35 


3 




32 


64/M 


Pancreatic adenocarcinoma 


Body of pancreas 


40 


3 




M, male; F, female; LN, lymph node. 



nical success rate of 100°/o demonstrates the feasibility of this 
technique for these cancers. Of the 32 patients who had EUS- 
guided fiducials implanted, 29 patients (90.6%) successfully 
underwent SBRT. We encountered no severe resistance while 
deploying the fiducial seeds. As the study was retrospective, 
it should be appreciated that preferential candidates for EUS- 
guided fiducial placement may have been included, thereby 
resulting in a high success rate. In addition, a previous study 
noted that failure to place a fiducial in the target lesion was at- 
tributable to an anatomical alteration or a limitation of the use 
of 5-mm-long fiducials. 5,7 However, the present study included 



only one patient with surgically altered anatomy and used gold 
fiducials measuring 3 mm in length, potentially influencing our 
high success rate. In our experience, the fluoroscopic assistance 
was not necessary during the procedure of fiducial placement. 
We could identify the fiducials placed under EUS alone, thereby 
verifying the proper placement immediately. 

There have been several published studies on the feasibility of 
EUS-guided fiducial placement for various mediastinal and ab- 
dominal malignancies. 4 " 9 Four studies investigated the feasibility 
of EUS-guided fiducial placement using a 19-gauge FNA needle 
to deploy cylindrical gold seeds measuring 2.5 to 5 mm in 
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Table 2. Summary of Published Studies and Current Study on Endoscopic Ultrasonography-Guided Fiducial Placement in Gastrointestinal Malig- 
nancy 



Study 


Type of 
study 


No. of 

cases 


Needle used, 
gauge 


Type of fiducials 
(lengthxdiameter, mm) 


Technical success, 
no. (%) 


Adverse events 
(no. of cases) 


Pishvaian er all (2006) 


P 


13 


19 


Gold (3 or 5x0.8) 


11 (85) 


Cholangitis (1) 


Varadarajulu ef ai. s (2010) 


R 


9 


19 


Gold (5x0.8) 


9 (100) 


None 


Parker al 6 (2010) 


P 


57 


19 


Visicoil (2.5x0.8) 


56 (98) 


Minor bleeding (1) 


DiMaio et al." (2010) 


R 


30 


22 


Visicoil (10x0.35) 


29 (97) 


Fever (1) 


Sanders efai 5 (2010) 


P 


51 


19 


Gold (5x0.8) 


46 (90) 


Mild pancreatitis (1) 


Ammar et ah" (2010) 


C 


13 


22 


Visicoil (10x0.35) 


13 (100) 


None 


Khashab etai. 12 (2012) 


R 


29 


19 


Gold (5x0.8) 


39 (100) 


None 






10 


22 


Visicoil (10x0.35) 






Current study 


R 


32 


19 


Gold (3x0.8) 


32 (100) 


Mild pancreatitis (1) 


Total 




244 






235 (96) 


5(2) 



P, prospective; R, retrospective; C, case series. 



length with 0.8 mm diameter, reporting a high success rate. 5 " 7 ' 9 
Two studies demonstrated the feasibility of EUS-guided fiducial 
placement using a 22-gauge FNA needle to deploy gold coil fi- 
ducials measuring 10 mm in length with 0.35 mm diameter, of- 
fering potential advantages over the use of a 19-gauge needle. 4-8 
EUS-guided fine-needle injection using a 19-gauge needle per- 
formed in pancreatic lesions of the head and uncinate process is 
often challenging because of the acute angulation. Larghi et al." 
stated that the degree of deflection of the echoendoscope tip is 
the major factor responsible for bringing the target lesion into 
an appropriate position, which precludes extension of the needle 
from the accessory channel. For such hard to reach tumors, it 
is preferable to place the fiducial markers around the periphery 
of the tumor, rather than directly in the tumor, provided there 
is not a substantial difference between respiratory movement 
of the fiducials and the actual target tumor. Recently, one ret- 
rospective study comparing traditional fiducials (5-mm length, 
0.8-mm diameter) and Visicoil fiducial (10-mm length, 0.3 5-mm 
diameter) demonstrated that there was no significant difference 
between the two fiducial types in terms of technical success, 
complications, and migration. 12 However, it remains unclear 
whether the use of a 22-gauge needle instead of a 19-gauge 
needle affects the technical success and complication rates of 
the procedure until prospective randomized study is completed. 
It is also unclear whether the thinner caliber 0.35 mm fiducials 
affect the accurate tracking of the fiducials by the SBRT system 
compared to the standard 0.8 mm fiducials. Further prospec- 
tive randomized studies are warranted to evaluate the techni- 
cal success and complication rates of the EUS-guided fiducial 
placement using 19-gauge and 22-gauge needles. In previous 
studies, the target lesions for fiducial placement have been lo- 
cated in the mediastinum, abdomen and GI system including 
the pancreas, stomach, liver, and porta hepatis. The success rates 
for EUS-guided fiducial placement were reported to range from 



85% to 100%. 48 Reported procedure related complications were 
cholangitis (n=2), mild pancreatitis (n=l), fever (n=l), or minor 
bleeding (n=l). 4 " 8,13 Based on previous literature and the current 
study, the overall technical success and complication rates of 
EUS-guided fiducial placement in GI malignancy were 96% and 
2%, respectively (Table 2). 

The fiducial placement may introduce air bubbles into the 
target lesion, which obscures EUS visualization and leads to 
difficulty in confirming fiducial placement. To prevent the in- 
troduction of air into the lesion, the stylet was withdrawn 7 to 
8 mm while backloading the fiducial into the needle and was 
sealed in place with bone wax. No air bubbles were noted after 
fiducial deployment using this technique. Although the opti- 
mal seed number and location required for SBRT has not been 
established, we tried implanting at least two fiducials within or 
adjacent to the mass to account for the possibility of potential 
migration requiring repeat EUS procedures. In the present study, 
overall fiducial migration occurred in one of 94 seeds placed 
(1.0%). 

In five cases, the lesion was presumed to be malignant on the 
basis of the imaging studies and the patient's history. Thus, five 
patients underwent same session EUS-FNA followed by fiducial 
placement without subsequent complication. Performing both 
procedures in the same session has several advantages such as 
expediting treatment and reducing the length of hospital stay. 
If EUS-FNA is planned for tissue diagnosis, our results indicate 
that it can be performed at the time of EUS-guided fiducial 
placement. Nonetheless, there remains a theoretical concern that 
performing both procedures simultaneously may cause trauma, 
resulting in procedure-related complications. Mild pancreatitis 
has been previously reported as a potential complication of 
EUS-guided fiducial placement with simultaneous EUS-guided 
celiac plexus neurolysis. 5 For this issue, additional study may be 
considered. 
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Tumor seeding due to FNA is extremely rare. In percutaneous 
FNA under either US or CT guidance, the incidence ranges from 
0.005% to O.OO90/0; however, in the case of EUS-FNA, it is con- 
sidered to be even lower due to the shorter puncture path. Thus 
far, only three cases have been reported. 14 " 16 Whether placement 
of the fiducial implantation within the tumor rather than adja- 
cent to the tumor affects the seeding remains to be evaluated. 

Following a previous report of procedure-related cholangi- 
tis, 7,13 it is recommended that all patients receive prophylactic 
antibiotics, although strong evidence for this precaution, e.g., a 
prospective study, is lacking. 17 In previous feasibility studies, all 
patients received an arbitrary 5-day course of antibiotics for in- 
fection prophylaxis. 5 ' 6,8 In the present study, all patients received 
a 1-day course of preprocedural and postprocedural intravenous 
antibiotics. There is ambiguity regarding the role of routine 
antibiotic prophylaxis prior to EUS-guided fiducial placement. 
More data are needed to evaluate the role of prophylactic an- 
tibiotics and the administering schedule of antibiotics if neces- 
sary. 

Our study has several limitations. This was a retrospective 
study at a single tertiary medical center where all EUS proce- 
dures were undergone by a single experienced endosonogra- 
pher. This study was not designed to evaluate a survival benefit 
or quality of life associated with EUS-guided fiducial placement 
as a method to support SBRT. 

In conclusion, EUS-guided fiducial placement for SBRT in 
pancreatic and hepatic malignancy appears to be a safe and fea- 
sible technique when performed by an experienced endosonog- 
rapher. This novel application of interventional EUS further 
expands the role of EUS in the multidisciplinary team approach 
to patients with pancreatic and hepatic malignancy. The fiducial 
markers would facilitate safe and accurate targeting of the tu- 
mor during SBRT. 
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